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1. 

3,246,482 
HEATPUMPS 

James R. Harnish, Staunton, Va., assignor to Westing 
house Electric Corporation, Pittsburgh, Pa., a corpo 
ration of Pennsylvania 

Filed Dec. 31, 1964, Ser. No. 422,664 
8 Claims. (C.I. 62-324) 

This invention relates to heat pumps which use fixed 
flow restrictors such as capillary tubes for two-way ex 
pansion means. 

It is well known that air-to-air heat pumps require 
larger refrigerant charges during cooling operation than 
in heating operation. Some Such heat pumps use suction 
line accumulators to store the excess refrigerant during 
heating operation. Such an accumulator separates lubri 
cating oil from the suction gas, and a bleeder must be 
provided at its bottom to meter oil return to the com 
pressor. When such an accumulator is partially filled 
with refrigerant, the bleeder also meters the flow of 
a substantial amount of liquid refrigerant mixed with the 
oil, to the compressor, and may dilute the oil in the crank 
case of the compressor, resulting in adequate lubrication. 
Furthermore, the refrigerant in the crankcase, during 
defrosting of the outdoor coil, may cause considerable 
foaming and excess oil pumping, resulting in the compres 
sor losing its oil to the system. 

This invention uses heat from the refrigerant liquid 
to boil off refrigerant liquid leaving an accumulator. 
There is nothermodynamic loss since the heat loss of the 
liquid provides a greater refrigerating effect. In one 
embodiment of this, invention, this is accomplished by 
dividing a capillary tube serving as a two-way expansion. 
means, into two lengths, and by connecting between the 
two lengths, a larger tube in heat exchange contact with 
the suction gas line to the compressor. In another em 
bodiment of this invention, a heat exchange coil in the 
bottom of a suction line accumulator is connected in the 
tube between the two capillary tube lengths. 
An object of this invention is to reduce the quantity of 

refrigerant liquid flowing from an accumulator into a 
compressor during heating operation of a heat pump. 

This invention will now be described with reference 
to the annexed drawings, of which: 

FIG. 1 is a diagrammatic view of a heat pump embody 
ing this invention, and 
FIG. 2 is a diagrammatic view of another heat pump 

embodying this invention. 
Description of FIG. I. 

The discharge side of a refrigerant compressor C is 
connected by discharged gas tube 10 to a conventional 
reversal valve RV which is connected by tube 1 to one 
side of an outdoor air coil 12, and by a tube 3 to one 
side of an indoor air coil 4. The valve RV is also con 
nected by tube 6 to the upper portion of a conven 
tional suction line accumulator 7. Within the accu 
mulator 17 is a U-shaped tube 18 having an open end 
19 near the top of the accumulator, and connected at its 
other end through suction gas tube 20 to the suction side 
of the compressor C. The base of the tube 18 has an 
oil bleed hole 29 in its center. The other side of the 
outdoor air coil 12 is connected by tube 22 to one end 
of capillary tube 23, the other end of which is connected 
to a tube 24 which is connected to a tube 25 in heat ex 
change contact with the suction gas tube 20. The tube 
25 is connected by tube 26 to one end of another capillary 
tube 27, the other end of which is connected by tube 28 
to the other side of the indoor air coil 14. 

Cooling operation of FIG. I. 
In the cooling operation of FIG. 1 as shown by the 
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Solid-line arrows, discharge gas from the compressor C 
is supplied through the tube 10, the reversal valve RV, 
and the tube 11 into the outdoor air coil 12 operating 
as a condenser. Refrigerant liquid from the coil 12 flows 
through the tube 22, the capillary tube 23, the tubes 
24, 25 and 26, the capillary tube 27 and the tube 28 into 
the indoor air coil 14 operating as an evaporator, the 
capillary tubes 23 and 27 operating as expansion means. 
Gas from the indoor coil 14 flows thorugh the tube 3, 
the reversal valve RV and the tube 16 into the accumu 
lator 17. Gas from the accumulator 17 flows through the 
tubes 8 and 20 to the suction side of the compressor C. 
The refrigerant liquid flowing through the tube 25 

heats the suction gas flowing through the tube 20, but 
there is no thermodynamic loss since the liquid is Sub 
cooled. m m 

Air heating operation of FIG. I 
As shown by the dashed-line arrows, discharge gas 

from the compressor C flows through the tube 10, the 
reversal valve RV and the tube 13 into the indoor air 
coil 14 operating as a condenser. Refrigerant liquid fron) 
the coil 14 flows through the tube 28, the capillary tube 
27, the tubes 26, 25 and 24, the capillary tube 23 and 
the tube 22 into the outdoor air coil 12 operating, as an 
evaporator, the capillary tubes 27 and 23 operating as 
expansion means. Gas and unevaporated liquid flow 
from the coil 12 through the tube 11, the reversal valve 
RV and the tube 16 into the accumulator 7. Gas Sepa 
rated from the liquid within the accumulator enters the 
open end 19 of the tube 18. Refrigerant liquid within the 
accumulator 17 enters the tube 18 through the oil bleed 
hole. 29 so that gas and some liquid flow through the suc 
tion gas tube 20 towards the suction side of the compres 
sor C. Heat from the high pressure, liquid flowing 
through the tube 25 which is in contact with the tube 20, 
evaporates the refrigerant liquid within the tube 20 so 
that gas only flows into the suction side of the compressor. 
The liquid within the tube 25 is subcooled. 
The upstream capillary tube 27, by restricting the flow 

of refrigerant liquid from the coil 14, causes some liquid 
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to be backed up in the latter, providing further subcool 
ing, and preventing any high pressure gas from the coil 
14 which would reduce the capacity of the system, and 
increase the power required, from entering the tube 28. 

. The downstream capillary tube 23 maintains the pressure 
and the temperature of the liquid within the tube 25 high 
enough to effect the desired heat transfer. 
The capillary tubes 27 and 23 are fixed restrictors, and 

together have lengths and internal diameters sized for the 
required expansion during air cooling operation, and are, 
in effect, two lengths of the usual, single, capillary tube 
used for two-way expansion. 

Description of FIG. 2 
F.G. 2 is similar to FIG. 1, except that a coil 30 is 

placed in the bottom of the accumulator 7, and is con 
nected between the capillary tube 23 and the tube 24. 
Corresponding components of FIGS. 1 and 2 have the 
same reference characters applied thereto. 

Cooling operation of FIG.2 
The cooling operation of FIG. 2 is the same as that of 

FIG. 1 except that the liquid from the capillary tube 23 
flows through the coil 30 before entering the tube 24 in 
stead of flowing directly into the latter. By charging the 
system with more refrigerant than is required to satisfy 
both the indoor coil 14 and the outdoor coil 12, the excess 
refrigerant liquid will collect in the accumulator 17 in 
heat exchange contact with the coil 30. Since the com 
pressor C pumps gas boiled off in both the indoor coil 14 
and the accumulator 7, excess liquid flows from the out 
door coil 12, through the tube 22, the capillary tube 23, 
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the coil 30, the tubes 24, 25 and 26, the capillary tube 27 
and the tube 28 into the indoor coil 4. The excess 
liquid completely wets the inner surface of the coil 14 
and improves the heat transfer, while the lesser gas flow 
from the indoor coil 14 through the tube 13, the reversal 
valve RV and the tube 6 into the accumulator 17, re 
duces the pressure drop in this circuit. Both these effects 
result in improvement in efficiency, and refrigerant liquid 
is prevented from entering the compressor C. 

Heating operation of FIG. 2 
The heating operation of FIG. 2 is the same as that of 

FIG. 1, except that the refrigerant liquid leaving the tube 
24, instead of flowing directly into the capillary tube 23, 
flows through the coil 30 before entering the capillary 
tube 23. Heat from the refrigerant liquid flowing through 
the coil 30 evaporates, some of the excess refrigerant 
liquid flowing from the coil 12 into the accumulator 17, 
further subcooling the liquid to be evaporated. Again, 
excess liquid above the evaporation rate is fed to the 
evaporator, in this instance, the outdoor coil 12, to in 
crease the heat transfer, and the tube 11, the reversal 
valve RV and the tube 16 flow less gas, reducing the pres 
sure drop, and thereby increasing the efficiency of the 
system. Refrigerant liquid is prevented from entering 
the compressor C. m m 
The system of FIG. 1 could also be provided with an 

excess charge of refrigerant, since the contact between 
the tubes 20 and 25 performs, although to a lesser extent, 
the same function that the same contact, and the coil 30 
of FIG.2 perform, and with the same benefits. 
What is claimed is: , 
1. A heat pump comprising a refrigerant compressor, 

reversal valve means, a discharge gas tube connecting the 
discharge side of said compressor to Said valve means, an 
outdoor air coil, a second tube connecting said valve 
means to said coil, an indoor air coil, a third tube con 
necting said valve means to said indoor coil, a Suction line 
accumulator, a fourth tube.connecting said valve means 
to said accumulator, a first fixed restrictor having a rela 
tively large resistance to refrigerant flow, a fifth tube 
having a relatively small resistance to refrigerant flow 
connecting said restrictor to said outdoor coil, a second 
fixed restrictor having a relatively large resistance to re 
frigerant flow, a sixth tube having a relatively small re 
sistance to refrigerant flow connecting said second restric 
tor to said indoor coil, a seventh tube having a relatively 
small resistance to refrigerant flow connecting said re 
strictors, and a suction gas tube connecting said accumu 
lator to the suction side of said compressor, said seventh 
tube being in heat exchange contact with said suction 
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4. 
gas tube, said restrictors serving as two-way expansion 
aS 

2. A heat pump as claimed in claim 1 in which said 
restrictors are capillary tubes. 

3. A heat pump as claimed in claim 2 in which there 
is provided a heat exchange coil in the bottom of said 
accumulator, and in which said heat exchange coil is con 
nected in said seventh tube in series with said capillary 
tubes. 

4. A heat pump as claimed in claim 1 in which there 
is provided a heat exchange coil in the bottom of said 
accumulator, and in which said heat eXchange coil is con 
nected in said seventh tube in series with said restrictors. 

5. A heat pump comprising a refrigerant compressor, 
reversal valve means connected to the discharge side of 
said compressor, an outdoor air coil connected to said 
reversal means, an indoor air coil connected to said re 
Versal means, a suction line accumulator connected to said 
reversal means, a Suction gas tube connecting said ac 
cumulator to the Suction side of said compressor, a second 
tube having a relatively small resistance to refrigerant 
flow in heat exchange contact with said suction gas tube, 
means including a first fixed restrictor having a relatively 
large resistance to refrigerant flow connected to said out 
door coil and to one end of said second tube, and means 
including a second fixed restrictor having a relatively 
large resistance to refrigerant flow connected to said in 
door coil and to the other end of said second tube, said 
restrictors serving as two-way expansion means. 

6. A heat pump as claimed in claim 5 in which said 
restrictors are capillary tubes. 

7. A heat pump as claimed in claim 6 in which there 
is provided a heat exchange coil in the bottom of said 
accumulator, and in which said heat exchange coil is con 
nected in Said second tube in series with said capillary 
tubes, 

8. A heat pump as claimed in claim 5 in which there 
is provided a heat exchange coil in the bottom of said 
accumulator, and in which said heat exchange coil is 
connected in said second tube in series with said restric 
tors. 
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